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Washington, D. C. March, 1926 


SINGLE-BATH HOT-WATER AND STEAM TREATMENTS OF SEED WHEAT 
FOR THE CONTROL OF LOOSE SMUT 


By VY. F. Tapxe,! Associate Pathologist, Office of Cereal Investigations, Bureau of 
Plant Industry 
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INTRODUCTION 


Loose smut, caused by the fungus Ustilago tritici (Pers.) Jens.., 
is one of the commonly known destructive diseases of wheat. Rec- 
ommendations for its control in this country have been confined 
almost entirely to treatment of the seed by the modified hot-water 
method. In general, this treatment is carried out as follows: A 
small quantity of seed wheat in a porous container is (1) presoaked 
for four to six hours in unheated water, (2) dipped momentarily in 
water heated to about'49°iC., (3) immersed for 10 minutes in water 
maintained at 54° C., and (4) either dipped in cold water or spread 
out in a thin layer without dipping 

There is no doubt that the modified treatment completely controls 
loose smut (4, 5, 13, 15) ,? but reports from numerous sources show that 
it is practiced only to a limited extent, largely because the modified 
treatment is (1) relatively complicated and tedious for the individual 
farmer to apply, (2) it soaks the seed and this often leads to post- 


1 The writer makes grateful acknowledgment to W. H. Tisdale, C. R. Ball, and H. B. Humphrey for 
helpful criticisms of the manuscript, to N. C. Ellis for the drier used in the experiments with steam treat- 
ments, and to the agronomists in the wheat projects of the Office of Cereal Investigations and R. G. East, 
D. D. Ball, and M. E. Cromer, county agricultural agents in Indiana, for supplying the seed samples used 
in the experiments. 

*Serial numbers (italic) in parentheses refer to ‘‘ Literature cited,’”’ at the end of this bulletin. 
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treatment difficulties in handling and sowing the grain, and (8) it 
severely injures or kills the germination of seeds with broken coats 
(15), and the percentage of broken seed coats in machine-threshed 
wheat frequently runs high (7, 15). 

The experience gained abroad and in this country seems to show 
that in communities where loose smut in wheat is a factor of con- 
siderable economic importance a solution of the problem of applica- 
tion lies in the establishment of cooperative or community plants 
for seed treatment. According to Mercer (1/1) and others, the modi- 
fied hot-water treatment has been used so extensively in coopera- 
tive dairies in Denmark that the disease is now said to be practically 
exterminated. In this country, in the State of Indiana particularly, 
as shown by Pipal (13) and Gregory (5), the modified treatment has 
received a big impetus since 1918, the year in which the first com- 
munity plant in that State began operations. 

The investigations reported here were therefore conducted to study 
and devise, if possible, a practical method or methods (1) yielding 
effective control but less injurious to germination, or (2) whereby 
the seed could be dried with facility after treatment, or both. 

The methods studied were: (1) Treatments in which the seed in a 
porous container was simply immersed in a single bath of water 
maintained at a constant temperature. This is called the “single- 
bath” * method in the following pages. According to Humphrey 
and Potter (6) it is less injurious to germination than the modified 
method. (2) Steam treatments. The seed was first presoaked, then 
steamed in a commercial grain drier. 

Attention is called to the fact that the single-bath and steam treat- 
ments were studied only from the viewpoint of application at coopera- 
tive or community seed-treatment plants. Their application involves 
the maintenance of constant temperatures for relatively long periods 
and other factors which make them hardly practicable of application 
by the individual farmer. 


SINGLE-BATH HOT-WATER TREATMENTS 
PREVIOUS INVESTIGATIONS 


Experiments on the use of single-bath hot-water treatments for 
controlling loose smut of wheat or barley, or both, have been reported 
by a number of investigators. A comprehensive review is given by 
Appel and Riehm (/) of the various means employed by different 
investigators to control these diseases, including the single-bath 
treatment and other modifications of the hot-water method devised 
by Jensen (8). More recently Humphrey and Potter (6) have 
studied further the limitations of temperature and duration of treat- 
cane within which control may be satisfactorily effected by this 
method. 

With barley satisfactory control frequently has been reported from 
treatment of the seed for two hours at 45° C. With wheat, however, 
satisfactory control evidently was less often obtained. The tempera- 
tures and durations of treatment used vary widely. Humphrey and 
Potter (6) recommend a three-hour immersion at 113° F. (45° C.) 


’ Referred to as the ‘‘ Dauerbad”’ by Appel and Riehm (/) and the ‘‘long hot-water”’ or “‘ Pasteurization”’ 
method by Humphrey and Potter (6). 
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for both wheat and barley, stating also that it has been found entirely 
feasible to vary the temperature at will between 105° and 120° F. 
(40.55° to 48.88° C.), provided the duration of treatment is varied 
accordingly within a range of one and a half to six hours. No specific 
recommendations are made regarding the duration of treatment within 
- the limits of temperature defined, except the one noted above. Since 
it is desirable to make the treatments as short as possible, the shortest 
duration of treatment (one and one-half hours) and a temperature 
(48° C.) close to the highest recommended by Humphrey and Potter 
(6) were used as a starting point in the experiments with single-bath 
treatments, descriptions of which follow. 

For a number of years previous to the beginning of the investiga- 
tions reported here the Office of Cereal Investigations conducted 
experiments on the single-bath hot-water treatments for the control 
of the loose smuts in wheat and barley in cooperation with the agricul- 
tural experiment stations of Minnesota and Wisconsin. A. A. Potter 
_ had charge of the work at Washington, while the work in Minnesota 
was conducted by E. C. Stakman and that in Wisconsin was under 
the supervision of A.G. Johnson. ‘The results of these earlier investi- 
gations are unpublished, but they have been made available for 
study by the writer, who is grateful to these workers and the officials 
of the experiment stations concerned for the use of the data. The 
writer is further indebted to Mr. Potter for suggestions regarding 
certain temperatures that should be given special consideration. 


METHODS AND MATERIALS 


Unless otherwise noted in the following experiments dealing with 
hot water, the seed was treated in cheesecloth bags with ample room 
to allow for the swelling of the grain. The 60-gallon tank used for 
treatment was equipped with two motor-driven propellers, which 
kept the water thoroughly agitated and the temperature uniformly 
distributed. Thermostatically controlled electric heaters were em- 
ployed to maintain the desired temperatures, which were held in all 
cases with a plus or minus variation not in excess of 0.2° C. All of 
the thermometers employed had been standardized by the United 
States Bureau of Standards. 

The single-bath treatments were applied without presoaking. The 
modified treatment was applied by presoaking the grain for four to 
five hours in cold water, fo lowed by a momentary tempering dip in 
water at about 49° C. and a 10-minute immersion in water at 54° C. 
Immediately after treatment the seed was spread in a thin layer to 
cool. In order to reduce its moisture content to about that of the 
untreated seed, it was left to dry for five days or more at room tem- 
_ perature. Germination tests in the greenhouse soil were made by 
sowing 100 seeds per flat in flats 1 foot wide by 2 feet long. Uniform 
spacing and apih of sowing were insured by pfessing into the soil 
one hundred 1-inch pegs inserted equidistantly in a board. The 
nee were dropped into the holes made by these pegs and then 
covered. 
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EFFECTS OF SINGLE-BATH HOT-WATER TREATMENTS IN 1920-21 


GERMINATION 


In the first germination test six lots of Goens * and one lot each 
of Fultz (C. I. 1923),> Poole (C. I. 3489), and Stoner (C. I. 2980) 
wheat were used. These wheats were grown in 1920. Samples of 
each of the lots were treated on September 10, 1920, in single baths 
at different temperatures and for different lengths of time, as noted 
in Table 1. Samples of the same lots also were treated by the 
modified hot-water method for comparison. The treated seed was 
left to dry for 10 days at room temperature. After drying, 200 un- 
treated seeds and 200 seeds from each of the treatments in each of the 
nine lots were sown in moist blotters and incubated at 19° C. Germi- 
nation counts were made on the third, fifth, seventh, ninth, and 
eleventh days. The germination of many of the treated seeds, while 
apparently normal in appearance, was retarded in varying degrees. 
In some instances the seeds required the full period of 11 days to 
reach the stage commonly attained on the third and fifth days by the 
untreated wheat. 


TABLE 1.—Percentages of germination of seed of nine lots of wheat untreated or 
treated with hot water, as specified, and sown in blotters in the laboratory on Septem- 
ber 20, 1920 


Treatment of the seed Percentage of germination 
n n n n be N | 
Duration a 5 5 | I 3 4 + 8 g 
rs) 5 3 rs) 3 3 5 © S 
; ———|o/o5/o/56/%/8]F2/5S 15) 8 
Kind and temperature 4 4 Ae Ea % as ae > = be 
Bien Min-| 3% my Pe | - = = re 8 eS z 
| | ° ° ws ° ° ° 
| ee at Licks tel: Mattel, ble Miao tL kee 
ROME ONCOL 822 LENE EX RCE, | tT oe 94.0 | 87.5 | 91.5 | 95.0 | 93.5 | 92.0 82.0 | 82.5 |} 94.0 | 90. 22 
Modified method --_-_-____- he secee -ae se 71.0 | 85.5 | 84.0 | 75.5 | 91.5) 91.5 | 61.5 | 73.0 | 77.0 | 78.94 
Single-bath method: 
{ 1| 30 95.0 | 94.0 | 86.0 | 820] 93.5 | 88.5 | 61.5 | 74.5 | 85.0 | 84.44 
Pcie ae Op ee ee ee ie eae 96.5 94.5 | 85.0 | 76.5 | 84.5 | 87.5 | 68.0 | 67.0 | 78.0 81. 94 
| 2 30 | 92.0 | 90.5 | 80.5 | 82.0 | 85.5 | 84.0 | 60.0 | 51.0 | 79.5 | 78.33 
{ fy eee 93.0 | 93.5 | 86.0 | 91.0 | 90.5 | 93.5 | 71.5 | 66.0 | 87.5 | 85.83 
GUE Ons fos se ee 1 30 | 85.5 | 90.0 | 82.5 | 86.0 | 92.0 | 91.0 | 62.0 | 65.5 84.0 | 82.06 
| 74 PSS eae 76.5 | 86.0 | 75.0 | 73.0 | 85.5 | 81.0 | 61.5 | 48.0 | 84.0 | 74.50 
ee 45 | 91.0 | 94.5 | 87.0 | 84.5 | 95.5 | 88.5 | 66.5 | 79.0 | 85.0 | 85.72 
1 yi) gl as . eee Lyi] Soe ae 94.5 | 88.0 | 74.5 | 89.0 | 87.0 | 89.0 | 63.0 | 58.5 | 85.5 | 81.00 
1 15 89.5 | 90.5 | 62.0 | 83.0 | 87.5 | 82.5 45.5 | 71.5 | 83.0 | 77.22 
J Cars 30 | 92.0 | 93.5 | 86.0 | 89.5 | 89.5 | 89.0 | 67.5 | 70.0 | 83.5 | 84. 50 
Aippir ae Sets “4 tate east Dee 45 93.0 95.0 | 85.5 88.0 | 88.5 | 89.0 | 57.5 | 68.0 | 86.0 | 83.39 
| n  tek lee 71.0 | 91.5 | 74.5 81.5 | 91.0 | 86.0 | 52.0 | 57.0 | 77.0 | 75.72 
| ! J t j | 


Table 1 shows that the seed was injured most by the modified 
method and by the longest treatment at each of the temperatures in 
the single-bath method, but that no very severe injury was caused 
by any of the treatments. In studies on the germination of seeds 
treated by the modified hot-water method Tapke (15) has shown that 
the number of seeds which germinate in the soil is considerably smaller 
than the number which survive the blotter test. It is probable, 
therefore, that the lethal action of the most severe treatments 
especially was greater than was indicated by the blotter test and that 
the degree of injury would have been more apparent in a test in soil. 


4 Goens wheat is extensively grown under its synonym, Red Chaff, in sections of Indiana where loose smut 


is very prevalent. It is unusually susceptible to loose smut, and perhaps more than any other variety is 4 
subjected to modified hot-watertreatment. For these reasons it has been included in many of the experi- — 


ments reported here. nae 3 7 
5 Accession number of the Office of Cereal Investigations. 
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SMUT CONTROL 


Untreated and treated wheat from six of the seed lots used in the 
germination test was employed in an experiment to determine the 
effects of the different single-bath treatments in controlling loose 
smut. On September 15, 1920, untreated seed and seed from each 
treatment of each of the six lots was sown in rod rows at the rate of 
6 pecks per acre. The entire series of rod rows was sown in triplicate. 
In May, 1921, smutted heads were counted. The results are pre- 
sented in Table 2. A zero in the table indicates that no smut was 
found in a complete examination of all heads in all three rows. The 
number of heads per row usually ran from 400 to 500. When less than 
1 per cent of smut was present it is shown as T (trace), and the 
total number of smutted heads found in examining all three of the 
rows appears in parentheses. Other data represent the average 
percentages of loose smut determined by making a count of 200 heads 
in each of the three rows in a set. 


TABLE 2.—Percentages of loose smut in six lots of Goens wheat grown from seed un- 
treated or treated with hot water, as specified, and sown in the field at Arlington 
Experiment Farm on September 15, 1920 


[T=trace (less than 1 per cent). The figures in parentheses show the number of smutted heads found in 
all three of the triplicated rows] 


Treatment of the seed Percentage of loose smut 
Duration 
Kind and temperature Se sos eae Lot 1.| Lot 2 | Lot4 | Lot 6 | lot 11.) Lot 14 
f in | | 
| Hours nites | 
Winitheabeylaeeneerseaa ait eee ye 5 8 15 9 2 | t 
MpMinedimernod=memete a OU Th! Barn on oes 0 0 0 0 0 0 
Single-bath method: | | 
| 1| 30 Of |) (2) 2 | 1 0| T (4) 
MAR, a aaseme ee fo eS | Di lke 03 SORT» 0 0 0 0 0 0 
2 30 0 9) 0 | 0 Om 0 
re aa gle 2 2 | 5 | ie WC 3 
PAE AO Oe tiye eas aa sty Fo | 1 30 0 0 Ona 0| 2@® 
Ne Sy egg 0 0 0. 0 0 0 
He sae eens } 45 4 4 g | 6 1 4 
Ait: DOzs Geer sae ea ate Oy She” | 0 {a Lesa! ew ae 1 Pa 4 | 2 0 | 2 
1 | 15 0 0.1.3 Gd) 0 0 0 
{ ea E 2 | 30 5 8 12 | 8 1} 6 
INT Ok ONS Ee SA Se is a a Oe 45 | 5} 4 if Pl tates Dnt 4) 2 
[ioe Sey. 0 1| TQ) 0 0. 1 


Table 2 shows that by the single-bath method complete smut con- 
trol was obtained by soaking the seed at 48° C. for 2 hours and for 
2 hours and 30 minutes, and at 49° C. for 2 hours. Only very slight 
traces of smut were found when the seed was soaked at 49° C. for 

1 hour and 30 minutes, and at 50° C. for 1 hour and 15 minutes. 
The summary of results obtained in 1920-21 indicates that the 
 single-bath method can be used successfully to control loose smut 
with less injury to the seed than is caused by the modified hot-water 
treatment, as noted by Humphrey and Potter (6). At 48° C. the 
optimum duration of treatment for the control of smut without seed 
injury evidently lies between 1 hour and 30 minutes and 2 hours, 
and at 49° C. it is slightly above 1 hour and 30 minutes. At tempera- 
_ tures above 49° C. germination was considerably reduced, even when 
the seed was not soaked for a sufficient length of time to control the 


smut completely. 
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EFFECTS OF SINGLE-BATH HOT-WATER TREATMENTS IN 1921-22 


GERMINATION 


In the fall of 1921 single-bath treatments at 46° C. were included 
in the studies on smut control, and treatments at 47° C. were included 
in all of the studies. The treatments at 50° and 51° C. were not 
included in the yield tests because of their injurious effects on germi- 
nation, even when applied for insufficient time to effect complete 
control of loose smut. In the germination tests in soil, four lots of 
Goens (Red Chaff) wheat from Indiana and one lot each of Fuleaster 
(C. I. 6162) and Purplestraw (C. I. 1915) wheats from Arlington 
Experiment Farm, Rosslyn, Va., were employed, except for the 
treatments at 46° C., in which only the four lots of Goens were used. 
All the seed was grown in 1921. 

Treatments were applied on September 7 and 8, 1921, at the tem- 
peratures and during the time periods designated in Table 3. The 
grain then was spread to cool, left to dry at room temperatures for 
one week and packeted. On December 8, 1921, 100 untreated 
seeds and 100 seeds from each treatment of each of the six lots were 
sown in soil in greenhouse flats. One month later germination counts 
were made. 


-TasBLe 3.—Percentages of germination of six lots of wheat from seed untreated or 
treated with hot water, as specified, and sown in soil in the greenhouse, 
December 3, 1921 


Treatment of the seed Percentage of germination 
D | 
uration | 
| Lot 26, | Lot 27,| A ver- 
; 4 L an. * : ver 
Kind and temperature ral ea perienl fit pete Ful- EE age 
Hours | Min- caster | straw 
| Utes 
Ce OEY aE aig ett, IE Ae aod (oF CY 91 93 96 | 80 98 88 91. 
PLOCINeG awnoethod...-—--s = 2 Le ee ee 74 | 53 76 54 66 58 63. 
Single-bath method: 
y 30 | 94 | 91 95 — ieee) see ae 
20 ie ee 86 | 91 92 1 fea Ws eee Rea | SE ee 3 
At 46° C.-------.-- nae ~| 3| 30 88 91 93 éRik =. s.e0 eek 85. 
4 |-------- 90 85 92 ZO ne ea ee 84. 
Ble es 86 81 94 74 88 80 83. 
7 A 15 94 7 92 54 86 80 80. 
Peay pile et ee 2 30 85 86 86 66 82 94 83. 
45 86 78 88 68 86 78 80. 
3 89 76 86 44 78 80 75. 
1 | 40 89 82 88 68 84 82 82. 
oS rAd: | fice! 0 ie te ee eae 1 | 50 87 86 86 58 88 78 80. 
Deycey yt 88 79 90 68 92 88 84. 
a Mire: gy @ eres pee ROE) 1 35 89 79 | 86 70 86 88 83. 
FAM E> Che! o? YLT cue) AUS ] 15 70 63 72 46 76 86 68. 
LAU ES SA @ aioe oo a Spee jh ee 66 63 66 62 70 72 66. 


Table 3 shows that the modified hot-water treatment reduced 
germination 27.5 per cent, or more than any other treatment. The 
single-bath treatments at 47° C. for three hours, at 50° C. for one 
hour and a quarter, and at 51° C. for one hour also caused injury, 
reducing germination 15.5, 22.2, and 24.5 per cent, respectively. 


EMERGENCE OF SEEDLINGS 


The reduced percentages of germination of treated seeds do not 
show all of the injurious effects of treatment, however. Frequently 


the emergence of the seedlings was retarded measurably. They | 
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appeared weak and spindling, and the initial setback unquestionabl 
was greater than indicated by the reduction in the number whic 
survived. In order to show the effects of the various treatments on 
emergence, three lots of Goens wheat (Nos. 18, 20, and 22) grown in 
1921 were treated on September 7 and 8, 1921, at the temperatures 
and during the time periods specified in Table 4. The seed then 
was spread to cool, left to dry at room temperature for one week, and 
packeted. On December 3, 1921, 50 untreated kernels of each of 
the three lots and 50 kernels from each treatment of each lot were 
sown in soil in greenhouse flats. Following the date of emergence of 
the first seedling, daily records of the number of seedlings which had 
emerged were taken for 15 days. 


TaBLE 4.—Total number of seedlings of three lots of Goens wheat which had emerged 
at the end of the fifth to the nineteenth day after sowing, with final percentages 
of emergence, from 150 seeds untreated or treated with hot water, as specified, and 
sown in soil in the greenhouse December 3, 1921 


Meantime of the seed Total seedlings emerged on the following number of days after 


sowing 
Final 
emer- 
Duration ~ | gence 
Kind and SSS eS (oer 
ent 
famperittive a 5|6|7 | 8 | 9 | 10| 11 | 12] 13} 14 | 15 | 16 | 17 | 18 | 19 | cent) 

Hours | ‘nites 
UIiPea Leds eee |) 2 £5 Sh Sat 1) 62/120} 126) 130} 130) 131) 132) 132) 132} 132) 132) 132] 132) 132) 88.0 
Modified method..-_|--_-_--|------ O} 2) 12) 25) 46) 55) 62; 69) 71) 74) 78) 79) 80) 80} 80} 53.3 
Single-bath method: 
2 30} 4} 53/104} 108) 116) 116} 118) 118) 119) 120} 121) 121) 121} 121) 121) 80.7 
At 46° C 5) ae 3} 48) 95) 109} 115} 115} 116} 119) 120} 121) 122) 123) 123) 123) 123) 82.0 
Sai te 3 30| 5} 38) 91) 101) 112} 113) 118} 120) 120} 120] 121) 121) 121} 121) 121) 80.7 
Ye ee 3} 29) 85} 98} 104) 107) 113) 115) 117} 118) 118} 119) 119} 119) 119] 79.3 
2, papal 6| 45) 96] 101} 111) 113} 114) 118) 118] 119} 120) 120) 120] 120) 120) 80.0 
2 15|- 1} 27) 94) 104) 107; 107) 111) 114) 117) 117) 117} 117} 118] 118) 118) 78.7 
ATAIECe Eee 2s 2 30} 2) 18] 66) 91] 102) 105} 109) 113) 113] 115} 116) 116) 116} 116) 116} 77.3 
2! 45) 1) 24) 70) 86) 91) 95) 98) 100) 100} 103) 105) 105) 105) 105) 105) 70.0 
3 LSEaoreee s 3} 11} 31} 59) 87} 89) 92) 96) 97} 98} 99) 100) 100} 100) 100! 66.7 
1 40} 4! 38) 82) 99) 107) 110) 114) 115) 115) 116) 117) 117) 117 117| 117; 78.0 
ACER Cece 2S: 1 50} 1) 19) 80) 93) 103) 106) 108) 111) 111) 113} 114) 114) 114) 114) 114) 76.0 
7 (ees 0} 10) 77} 92) 102) 104) 107} 109) 110) 111) 112) 112) 112) 112) 112) 74.7 
At .499 Ces. 1 35| 14) 36) 84) 98) 105) 107) 108) 112) 113) 114) 117) 117; 117) 117) 117) 78.0 
ACSON C ot ee 1 1 6| 35] 56| 63} 69) 70) 72| 72| 74) 75) 75) 75| 75) 75) 50.0 
At 612 Coane, fe ae 0} 6) 32} 50) 63) 70) 70 75) 76| 78) 79) 80) 81] 81 a 54.0 
1 } 


Table 4 shows that, in general, with increases in the severity of 
treatment as expressed by reduction in final percentage of emergence, 
the degree of retardation in the emergence of surviving seedlings also 
increaséd. Figure 1 shows this graphically for some of the treat- 
ments employed. 

As shown later, the treatment at 48° C. for 1 hour and 50 minutes 
roved to be one of the most satisfactory for the single-bath method. 
he emergence and growth of seedlings from three varieties of ma- 

chine-threshed wheat to which this treatment was applied, in com- 
parison with that of seedlings from wheat treated by the modified 
method and from untreated wheat, are shown in Figure 2. The 
varieties, Currell (C. I. 3326), Purplestraw (C. I. 1915), and Goens, 
were grown on the Arlington Experiment Farm, Rosslyn, Va., in 1921. 
The seed was treated on July 11, 1921, spread out, and left to dry at 
room temperature until August 8. At this time 200 untreated seeds 
of each lot and 200 seeds from each of the treatments of each lot were 
sown in soil in flats in the greenhouse. Two weeks later some of the 
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flats were photographed (Fig. 2). One month after sowing germina- 
tion counts were made. The average percentages of germination of 
the three lots were as follows: Untreated wheat, 88 per cent; wheat 
treated by the modified method, 66.8 per cent; wheat treated by the 
single-bath method, 81.7 per cent. These results indicate that the 
wheat treated by the mibdifiell method was injured rather severely; 
but, as shown in Figure 2, the injurious effects undoubtedly were 
oreater than indicated by the reduction in germination. The 
emergence and growth of the seedlings were retarded in varying 
degrees; hence, uneven stands were stent The emergence of 
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Fic. 1.—Diagram showing the comparative rates of emergence and number of wheat plants which 
emerged from seed untreated, treated by the modified hot-water method, or treated by the 
single- path method at 48° C. for 1 hour and 40 minutes, 1 hour and 50 minutes, and f hours, 
respectively 
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seedlings from wheat treated at 48° C. for 1 hour and 50 minutes was 
fairly even, although somewhat retarded at the start. Fourteen days 
after sowing, however, as shown in Figure 2, the seedlings appeared 
almost as vigorous as ‘those from untreated seed. 


YIELD AND CONTROL OF LOOSE SMUT AND BUNT 


In an experiment to determine the effects of single-bath hot-water 
treatments on the control of loose smut and bunt three lots of Goens 
wheat (Nos. 18, 20, and 21) were Hats They were grown in Indiana 
in 1921 and contained relatively high percentages of loose smut. 
Some of each lot was dusted Noradenld with bunt spores, and quan- 
tities were treated during the period from October 11 to 15, 1921. 
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The grain was left to dry at room temperature until October 20, when | 


both untreated and treated seeds were sown in a triplicate series in 
rod rows at the rate of 6 pecks per acre. The results are presented 
in Table 5. A zero in the table indicates that no smut was found ina 
complete examination of the plants in all three rows. When less than 
1 per cent of smut was present it is shown as T (trace), and the total 
number of smutted heads found in an examination of all three rows 
is given in parentheses. The other data represent the average 
percentages of smut determined by making a count of 200 heads in 
each of the three rows in a set. 


TaBLE 5.—Percentages of loose smut and bunt in three lots of Goens wheat grown 
from seed untreated or treated with hot watem as specified, and sown in the field 
at Arlington Experiment Farm October 20, 1921 


|T=trace (less than 1 per cent). The figures in parentheses show the number of smutted heads found in 
all three of the triplicated rows] 


Treatment of the seed Percentage of loose smut Percentage of bunt 
| 
| Duration 
Kind and temperature ; ; Lot 18 | Lot 20 | Lot 21 | Lot 18 | Lot 20 | Lot 21 
Hours Min 
utes 
Dritreated’: _.. Bias eee ee | ae Pere se 3.8 12.3 6.0 43.0 47.6 45.8 
Modified: methades2tes ye | el eee 0 0 0 Pb) |e (5). | 7) 
Single-bath method: | 
2 a0} T AD , : 5 175 6.0 
on + Ee et . 0 4.0 2.0 
At 46" C...-.---.------2-.2------ | 3 30| 0 0 0 1.01% 20 4.5 
rR ake perk ad 0 0 0 2.0 1.0 4.5 
Di Sea ee 0 0 0 0 LO ie 2) 
2 15 0 0 0 T (9) 1.0} T (8) 
ASG GOO .. [ee eee eee. os 2 30 | 0 0 0 T (6) 0 1.0 
2 45|} 0 0 0 0 T (6) 0 
bY pak sre 0 0 0 0 T (3 T"(3) 
J 1 40. 0 0 0 0 Ab(6)) +) TS\C10) 
At 46°C. seers 7 ee eee 1 50 | 0 0 0 T (10) | T (10) | T (6) 
t.. ‘Sa few 0 o | T(9) | Te) | TQ) 
At 49°C _ leper oer te 1 35 0 0 0 TD) T (1) T (6) 
At 50° 0 . «eee Se eo 1 15 0 eC) 0 0 0 0 
7 .\ yi) igh ORE, = > Se oa 16) See of (4 1) fi ee MgB 0 0 0 0 


Table 5 shows that all of the treatments completely controlled loose 
smut except those at 46° C. for 2 hours and 30 minutes, at 50° C. for 
1 hour and 15 minutes, and at 51° C. for 1 hour. These treatments 
reduced the amount of loose smut to a slight trace. In spite of an 
unusually heavy infestation, bunt infection was reduced to a trace or 
completely controlled by all of the treatments except those at 46° C. 
and by the treatments at 47° C. for time periods less than 2 hours and 
45 minutes. The treatments at 50° and 51° C. effectively controlled 
both loose smut and bunt, but reference to Table 4 shows that they 
severely injured the seed. The treatments at 49° C. for 1 hour and 35 
minutes, and at 48° C. for 1 hour and 40 minutes, for 1 hour and 50 
minutes, and for 2 hours completely controlled loose smut and 
reduced bunt infection to a trace, and the treated seed germinated as 
well (Table 4) as that from the longer treatments at 47° C., which 
approximated their efficacy in smut control. 

Table 5 shows that treatments at lower temperatures and of longer 
duration are more effective in controlling loose smut than in control- 
ling bunt and that treatments at higher temperatures and of shorter 
duration are more effective in controlling bunt than they are in 
controlling loose smut. 
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An experiment also was conducted in 1921-22 to determine 
the effects of the single-bath hot-water treatments on yield and 
further to determine their effects on the control of loosesmut. Three 
lots of Goens wheat (Nos. 16, 17, and 19) and one lot each of Fulcaster 
(C. I. 6162) and Purplestraw (C. I. 1915) wheats were used. The 
Goens lots were grown in Indiana in 1921 and contained relatively 
high percentages of loose: smut. The other lots were grown on 
Arlington Experiment Farm in 1921 but contained no loose smut. 

A definite quantity of each lot was weighed and measured, treated 
on October 13, 1921, spread in thin layers, and dried for one week at 
room temperature. The treated seed had regained its original weight 
and volume at the end of this period. 

On October 21 the untreated and treated seed was sown in rod rows 
on Arlington Experiment Farm at the rate of 6 pecks per acre. Five 
plats were used, and each plat was divided into an east and west 
section. Each of these 10 sections contained 55 rows, which com- 
prised 11 successive rows of each of the lots 16, 17, 19, 26, and 27 in 
their order. The first 9 of the 11 rows were sown with seed treated 
by the single-bath method in the manner and order shown in Table 6, 
while the tenth and eleventh rows were sown with seed treated by the 
modified method and with untreated seed, respectively. The 


untreated control and each of the treatments were therefore repre- 


sented by 10 rod rows of each of 5 different lots of seed, or a total of 50 
rod rows. The results are presented in Table 6. A zero in the 
columns containing the average percentages of loose smut shows that 
no smut was found in a complete examination of each of the 10 rows 
sown from the seed treated as specified. When less than 1 per cent of 
smut was present it is shown by T (trace), and the total number of 
smutted heads found in an examination of all 10 rows appears in 
parentheses. Other data represent the average percentages of smut 
determined by making a count of 100 heads in each of the 10 rows. 


TABLE 6.—Loose-smut infection and yields of wheat from five tots of seed untreated 
or treated with hot water, as specified, and sown on an east and on u west section of 
each of five plats in the field at Arlington Experiment Farm October 21, 1921 


[T=trace (less than 1 per cent). The figures in parentheses show the number of smutted heads found in 
all 10 of the rod rows] 


| 


Treatment of the seed Average acre yields (bushels) 
: Average per 
Zize! centage of 
Dura- On east sectionsof | On west sections of S& |2.S| loose smut! 
tion plats plats < $ 
=: 
Kind and tempera- Se ages 
ture 2 | Res <a 2 |e 
2 |S | Lot| Lot; Lot| Lot| Lot Av"| Lot Lot| Lot Lot Lot =k & |S 2| Lot) Lot| Lot 
3 {8 | 16 | 17 | 19 | 26 | 27 | 16] 17 | 19} 26| 27!~ | S |S | 16) 17 | 19 
SA = | age | | age| o ia o| 
_ } DR | 
echerts 0 = | al 
iintreated . 2.22. -|.22)._. 35. 5/34, 5/31. 7/26. 2/37. 3/33. 0/36. 5/38. 0/30. 7/31. 6,34. 7/34. 3/33. 7) 1.3) 7.2) 9.0) 13.0 
Modified method___|___|__- 27. 2)21, 1/23. 8/21. 5)25. 8/23. 9/30. 5/26. 2/27. 8/30. 3/31. 2/29. 2/26. 6] 5.3) 0 | O 0 
Single-bath method: | 
2}. - -|25. 8/28. 9|27. 9/28. 8/33. 8/29. 0/32. 3/32. 3/34. 1/31. 4/32. 1/32. 4/30. 7] 3.4) O |'T (6)|T (5) 
2| 15/29. 8/31. 7/31. 6/27. 0/28, 7/29. 8/34. 2/34. 7/36. 7/29. 7/33. 2/33. 7/31. 8| 3.9] 0 IT (1)} 0 
122 EY teak Cea | a 30/30. 8/33. 8/31. 6/25. 9/28. 6/30, 1/33. 1/32. 934. 2/31. 1/31. 2/32. 5/31. 3} 2.4; 0 | 0 0 
2} 45/30. 9/30. 0/30. 2/24, 9/28, 3/28. 9131. 3/34. 5/34. 8/32. 7 31. 5 33. 0/31. 0} 4.1) 0 | 0 0 
3}_- -|29. 5/30. 9/30. 1/26. 8/26, 2/28. 7/32. 1/34. 531. 7/29. 5/33. 9/32. 3/30. 5} 3. 6) 0 0 0 
1) 40/33, 4/33. 3/33. 0/27. 1/28. 5/31. 1/37. 0/38. 2/33. 9/32. 2/35. 4/35. 3/33. 2) 4.2) 0 |T(3)| 0 
te el CLS Se 1} 50)31. 7/33. 2/31. 7/27. 7/27. 7/30. 4/35. 4:36. 1/34. 2 28. 0.35. 4/33. 8/32. 1) 3.4) 0 | 0 0 
2}__ -/33. 6/31. |29. 6/28. 1/27. 4/30. 0:34. 3/36. 1/34. 4:30. 0/31. 3/33. 2/31. 6) 3.2) 0 0 0 
ES oa 1} 35/33. 331 aes 9/28. ie ek 2/35. er at 5:33. 6 33. yi 8/33. 5] 4.60 | 0 0 


1 Lots 26 and 27 contained no loose smut. 
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Some of the facts brought out in Table 6 are: (1) That all of the 
treatments completely controlled loose smut except those at 47°C. 
for 2 hours and 2 hours and 15 minutes, and at 48° for 1 hour and 40 
minutes, these treatments reducing the amount of loose smut to a> 
trace; (2) that the plants from untreated seed outyielded those 
from any of the treated seed, although three of the lots (Nos. 16, 17, 
and 19) contained a relatively high percentage of loose smut; (3) 
that plants from seed given any of the single-bath treatments out- 
yielded plants from seed treated by the modified method; (4) that 
some of the single-bath treatments, especially those at 48° C. for 
1 hour and 40 minutes and at 49° for 1 hour and 35 minutes, reduced 
the yield only very slightly; (5) that increases in the duration of 
treatment as short as 10 minutes at 48° C. were accompanied by 
decreases in yield; and (6) that without exception the average yields 
for the five lots of plants from untreated seed and from seed given 
any of the treatments were higher on the west sections than on the 
east sections of the plats, indicating less favorable soil conditions on 
the east sections. Tt is noteworthy that this reduction amounted to 
only 1.3 bushels per acre in plants grown from untreated seed and 
to approximately two to four times this amount in plants grown 
from treated seed. The greatest reduction occurred in plants from 
seed treated by the modified hot-water method. In the absence of 
data on the germination of untreated and treated seed, it is impossible 
to state whether this reduction was due to a decreased emergence of 
seedlings from the treated wheat or to a lessened post-germination 
capacity on the part of the plants which developed from treated wheat 
or both. It is evident, however, that the soil conditions under which 
the treated seed is sown may play an important part in the complex 
of factors which eventually determine the effects of treatment on 
yield. 


TaBLE 7.—Test weight per bushel of wheat of five different lots grown from seed 
untreated or treated with hot water, as specified, and sown in the field at Arlington 
Experiment Farm October 21, 1921 


Treatment of the seed Bushel weight (pounds) 


Duration 
~: | 5 Lot 26, | Lot 27 
Kind and tempera- Lot 16, | Lot17, | Lot 19, < 
ture Goens Goens Goens | "4 ete rurale yclane 
Hours | Minutes 
| 
iereRben cewek ee ae | 55.00 53, 85 55. 30 51.25) 55.60 54. 20 
Wiodiiied methods, ~ 2 ft Sees ee Le 55. 20 54. 50 54. 80 a 55. 50 54. 31 
Single-bath method: | 
Dit st oe 54. 36 54. 45 54. 7 b1g35 55. 50 54. 07 
| 2 15 54. 75 54. 40 54. 35 50. 62 55. 30 53. 88 
AG 472 Gute SEY 2 30 54. 30 54. 00 54. 81 | 51. 00 55. 30 53. 88 
| 9 45| 54.56] 53.25| 54.55| 50.85| 56.50 53. 74 
51 eee ee 54. 40 54. 45 53. 19 50. 94 55. 30 53. 66 
1 40 55. 00 54. 45 54. 45 | 51.19 54. 00 53. 82 
AC 489 C._ 0-32 Fw | 1 50 55. 30 54. 10 54. 75 | 50. 85 55. 60 54,12 
It I ae a ye 55. 10 54. 10 54. 70 50. 90 55. 25 54. 01 
ATA9IC Ca ies | 1 | 35 | 55. 30 54. 00 | 55. 40 50. 80 | 54. 50 54. 00 
| 


Pipal (13) states that apparently beneficial effects other than smut 
control are obtained through treatment of the seed by the modified 
hot-water method. For example, plants from treated seed in many 
cases produced heavier, plumper grain than plants from untreated 
seed. In order to determine the effect of the different treatments 
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on the weight of grain, the test weight per bushel was taken on all 
of the wheat grown from the seed of the five lots. In the description 
of the plan of this experiment it was noted that each of the five 
plats was divided into two sections, which were duplicates. In 
making the study of weight of grain, wheat from the duplicate rows 
in the two sections was thoroughly mixed. This was necessary 
in order to have a sufficient quantity to fill the cup of the tester. 
This procedure was carried out for the grain grown from untreated 
and treated seed of each lot in each of the five plats. The results are 
presented in Table 7. 

Table 7 shows that the weight of grain from treated seed was 
shghtly greater than that from untreated seed where the modified 
hot-water method was employed and slightly less where the single- 
bath method was used. In all instances the differences were very 
slight. Because of varying amounts of injury from treatment, 
especially in the case of the modified hot-water method, the quantity 
of viable seed frequently is reduced, and athin stand results. Under 
this condition the plants from treated seed might produce grain of 
higher weight per bushel than the plants from untreated seed, but 
without relation, however, to any direct effects of treatment. 

With regard to the relative effectiveness of the various single-bath 
treatments, a study of the foregoing data shows that the treatments 
at 48° C. for 1 hour and 50 minutes and at 49° for 1 hour and 35 
minutes gave the most satisfactory results. They controlled loose 
smut completely and bunt effectively, and the reductions in germi- 
nation and yield were relatively small. The treatment at 48° for 1 
hour and 40 minutes slightly surpassed the treatment at 48° for 1 
hour and 50 minutes in most respects, but it was less effective in 
controlling loose smut. None of the treatments at 47° appeared to 
have particular advantage. Those of shorter duration failed to 
control either loose smut completely or bunt effectively, or both. 
Moreover, all of the treatments at 47°, especially those of longer 
duration, reduced the yield more than the treatments noted above. 
In view of these facts the following experiments with the single-bath 
method were confined to the treatments at 48° for 1 hour and 50 
minutes and at 49° for 1 hour and 35 minutes. 


EFFECTS OF SINGLE-BATH HOT-WATER TREATMENTS IN 1923-24 


GERMINATION IN RELATION TO INTEGRITY OF SEED COAT 


In a previous article (15) the writer showed that the condition of 
the seed ceat is a most important factor in determining the reduction 
in germination resulting from the modified hot-water. treatment. 
When the seed coats of wheat were unbroken the modified treatment 
reduced the germination very little, if at all; but when the seed coats 
were broken, the reduction in germination always was high, especially 
when the break was over the embryo. In order to determine the 
effects of the single-bath method on germination in relation to integ- 
rity of seed coat, an experiment was conducted with hand-threshed 


seed. Five varieties, Currell (C. I. 3326), Forward (C. I. 6691), 
Fultz (C. I. 1923), Purplestraw (C. I. 1915), and Stoner (C. I. 2980), 
were used. Each variety was divided into five lots of 60 seeds each. 
The seed coats were left unbroken in the first lot. In lots 2 to5a 
small part of the coat was very carefully broken on February 7; 1924. 
with a sharply pointed needle in the following locations: Lot 2, directly 
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over the embryo; lot 3, over the endosperm, about one-eighth of an 
inch above the embryo; lot 4, over the enddsperm, at the brush 
end; and lot 5, over the endosperm, on each cheek in a location 
behind the enrbryo. 

The five lots of each variety were then divided into three equal 
parts. One part was left untreated, one part was treated by the 
modified method, and one part was treated by the single-bath 
method. In the latter method the treatment at 48° C. for 1 hour 
and 50 minutes was selected. Immediately after treatment on 
February 8, 1924, the seed was spread and left to dry for six days 
at room temperature. The untreated and treated grain was then 
sown in soil in greenhouse flats, and the seedlings were counted 30 
days later. All of the varieties reacted similarly. Averaged results 
from all varieties are presented in Table 8. 


TABLE 8.—Percentages of germination of hand-threshed seed wheat untreated or 
treated with hot water, as specified, when the seed coats were unbroken or broken 
over the embryo or over the part of the endosperm described, as shown by green- 
house tests in 1924 


[The percentages shown are the average results from the five varieties, Currell, Forward, Fultz, Purple- 
straw, and Stoner] 


Percentage of germination when seed coats were— 


| 


Broken over endosperm 
Treatment of the seed ba Broken | J E 
broken OVE i YY inch Over 2 CAE 
| embryo | above brush heer 
| embryo end embryo 
fi pid 
UG a (ina De Re, 6 PR Mp Wp Rad RR SRS Nes 5 at ge PO ete, SP ees 96 | 94 92 93 88 
Treated by the modified hot-water method _-___-__--_- 94 | 0 78 67 49 
Treated by the single-bath method at 48° C. for 1 
Hemrand 50 minutes 222 bee leeeee ttt ee SS 94 26 88 84 78 


Table 8 shows (1) that the amount of injury from treatment by 
the single-bath and by the modified method is determined by the 
condition of the seed coat, and (2) that when the seed coats are broken 
as noted the single-bath treatment is less injurious to germination 
than the modified treatment. The practical significance of this 
fact becomes apparent in view of the finding by Nobbe (12), Kuhn 
(9), Schellenberg (14), Von Tubeuf (1/6), Volkart (17), Burmester 
(3), Walldén (18), Hurd (7), Tapke (15), and others that machine 
threshing damages seed coats. In view of the data presented in 
Table 8 it seems safe to assume, therefore, that seed treated by the 
single-bath method will suffer less injury to germination than seed 
treated by the modified hot-water method. Nobbe (12), Volkart 
(17), Walldén (78), and others also have pointed out that the amount 
of cracking of seed coats by the threshing machine varies from year 
to year, and that it is more prevalent in dry years. Schellenberg 
(14) has shown that machine threshing usually damages the larger 
kernels. It is therefore evident that the lesser amount of germina- 
tion injury caused by the single-bath method may vary from year to 
year and with the variety used. When the seed coats were unbroken, 
as shown in Table 8, the percentage of germination of seed treated 
by the modified hot-water method was as high as that of seed treated 
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by the single-bath method. On the other hand, when the seed coats 
were broken the percentage of germination of seeds treated by the 
modified hot-water method ran from 10 to 29 per cent lower than 
that of seeds treated by the single-bath method, depending upon the 
location of the break in the seed coat. 

It has been noted that germination was markedly reduced as a result 
of hot-water treatment when the seed coats were broken and that 
very lit: le or no reduction in germination was brought about when the 
seed coats were intact. It was noted also that the seed coats are 
more susceptible to breakage in threshing in dry years and less sus- 
ceptible in wet years. It is evident, therefore, that the effects of 
hot-water treatments on germination are ultimately dependent to a 
considerable extent on the weather conditions which prevail during 
the ripening, harvesting, and threshing of the grain, and that we may 
expect variable responses to treatment from year to year. On this 
point the observations of Baudys (2) are interesting. He notes that 
a variety may differ in susceptibility to hot-water injury from year 
to year and therefore requires annual determinations of the proper 
temperatures for the treatment bath. 


YIELD 


In studies previously reported by the writer (14) some evidence was 
obtained indicating that the injurious effects of the modified hot- 
water treatment may extend into the later stages of plant growth. 
The results presented in Table 6 plainly show that the plants from 
treated seed suffered a lessened capacity to withstand unfavorable 
soil conditions. In the absence of data on the germination of un- 
treated and treated seed, however, it is impossible to state whether 
this difference was due to a decreased emergence of seedlings from 
the treated wheat or to a lessened post-germination capacity on the 
part of the plants which developed from treated wheat. 

In a yield test conducted in 1923-24 an attempt was made to 
study further the post-germination effects of hot-water treatments. 
To this end unsmutted seed was used, and in some of the plats the 
rate of seeding of the treated wheat was increased to compensate 
for the reduction in germination resulting from treatment. Any 
differences which might have affected the yields of the plants from 
untreated and treated seed were therefore eliminated, except the 
differences brought about by treatment. On September 22 dntaate 
quantities of each of two lots of wheat grown on Arlington Experi- 
ment Farm in 1923 were weighed and measured, treated as shown in 
Table 9, spread in thin layers, and left to dry. On October 2, 200 
untreated seeds and 200 seeds from each of the treatments of each 
lot were sown at Arlington Experiment Farm on the land which later 
was used for the yield test. At this time the treated seed had 
regained its original weight and volume. Germination counts were 
taken after three weeks. On October 27 the untreated and treated 
seed of both lots were sown in fortieth-acre plats. In half of the plats 
sown with treated seed the rate of sowing was increased to compensate 
for reduction in germination. The drill which was used could not 
be adjusted to differences in rates less than one-half peck. There- 
fore the nearer half-peck rate was used when the calculated rate fell 
between half pecks. Tests made previous to sowing showed that 
the drill delivered the seed at rates which closely approximated the 
rates at which it was set. 
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TaBLE 9.—I/ndividual and average percentages of emergence and yields of two lots 
of smut-free wheat from seed untreated or treated with hot water, as specified, and 
grown at Arlington Experiment Farm in 1923-24 


[The treated seed was sown at the same rate as the untreated seed, 6 pecks per acre, or plus an allowance to 
compensate for the reduction in germination. The loss or gain sbown in the last column is calculated 


fruii the toterpolated yield of the untreated control, which is given in parentheses] 
Treatment of the seed Acre yields (bushels) 
eee , | Per- ‘a ; 
| F cent- ate o 
Variety and plat | ‘Team- TPSSAuOTS age of sowing | Loss (—) 
é; | pera- |——————— germi- | (vecks) or gain (+) 
| Method | ‘ure | | nation | Actual iO 
on | age treate 
| | @C.) Eir: | Min. | PEE, 
_ wet ==" £] 2 | a EAE) As ze 
| 
Maminoth Red (C. I. | 
2008): : | | a 
INO Pee S.. 2s ese se es Border platuss? 222s. [ee@ repre ne 8 sea ie GOL dee ct Se Date 
ae ce oes a eae Untreated____- eke Cae faethe eas Ott B Oh Ai. eo tee eee 
ioe eS awe eens oe Modified_____- [setae © fee Ue [ES SLES"2 | 68 6.0 42.4 | —2.9 (45. 3) 
1S 0th ee a Re See Pe GOs - 5S Ee se a2 aoe ae ee 68 17.5 41.8 | —1.5 (48.3) 
OR ad RE STB ES, Single bath... 49 | 1 35 | 79 6.0} 41.0 | —0.3 (41.3) 
INO fe ss<) 4 Fee Soe |, Untreated___-- } Poe eee Serge) eae see 84| 6.0 3953) | ee 
MOM eet ete ok Single bath.___ 49 | 1A 35 79 16.5 37.7 | — .3 (88. 0) 
INO. Boo a Sgt aE Ogi Sopa 48 | 1 | 50 | 73 6.0 | 37.9 | +-1.1 (36.8) 
Igoe Se Sia ae od dese 48 | 1 | 50 | 73 17.0| 38.4 | +2.8 (35.6) 
iN Ch! (0 eae Aes ee ee | Untreated.<.--|--=2._-. ee a Ree Ne: 84 6.0 34.4 ye ere See 
Poole (C. 1. 3489): | 
IOS he ae Sn eee 6 (eee cee 2 (eee ae Le eee 92 6.0 5s, 0/1] tues Code 
IO lo ae ee ee a OGInleGe ses fips ok ae age ey Des 3! 81 6.0 32.4 | —4. 6 (37. 0) 
Wo; Te ctibsccece ste t OOea 2 sale: eee Peer eree. |i Hoek Sau 81 17.0 35.6 | —3. 4 (39. 0) 
LNT By Oe es er 2, Bs Single bath____) 49 1 35 | at 6.0) 38.5 | —2.5 (41.0) 
INOLUSR EES ST Ee Untreated_____ Hees Ade d EE jj. teh 92 | 6.0 AS ION LS. AT ee ee 
iu Ry epee een Fa | Single bath___-| 49 1 35 7! 17.0) 40.6 | —3.9 (44. 5) 
oo ey gE BRC SA RAS 8 CUR MEIER | 48 1 50 88 6.0 42.2 | —3.8 (46.0) 
NOMS a bevey . veers. fax ct. OF ey te Se | 48 1] 50 | 88; 16.5 44.0 | —3. 5 (47. 5) 
Ile eens een | (UMUC HReG le ee Se Nee al a | 92 6.0 49 Ube oes 
Noy 204097.) 2 ae i Horderiplatite:| 2.22070.) 1s 5) Hy SEAL 848) 2 OR ESE 6. OFEECLEEREE) (30 pea eae 


1 The drill used could not be adjusted to differences in rates less than one-half peck. The compensated 
rates as calculated were therefore adjusted to the nearest half-peck rate. All of them are slightly higher 
than the calculated rate. 


Table 9 shows that plants from untreated seed outyielded those 
from treated seed in 10 cases out of 12. The average yield of all of the 
plants from seed treated at 48° C., 49°, and by the modified method, 
respectively, was 0.7, 1.9, and 3.3 bushels per acre less than the 
average yield of all of the plants from seed not treated (41.3 bushels 
per acre). 

When treated wheat was sown at an increased rate, so that the 
quantity of viable seed sown was the same as that of untreated 
wheat, the average yield still was less by 1.65 bushels per acre than 
that of all plants from seed not treated. These data suggest that 
the injurious effects of hot-water treatments may extend beyond 
the germination period and into the later stages of plant growth. 

For the years 1922 and 1924 (yield tests were not conducted in 
1923) the average acre yields of plants from untreated and treated 
seed were as follows: 


Bushels 
Seedi nok tresbedio— a wi. ee a tie a ee hy RY eg 
Seed treated by the modified method__________________--_ 32. 3 
Seed treated at 48° C. for 1 hour and 50 minutes_________- 36. 4 
Seed treated at 49° C. for 1 hour and 35 minutes_________- 36. 5 


METHODS OF APPLYING SINGLE-BATH TREATMENTS 


The data presented in the foregoing pages show that better results 
were consistently obtained from some of the single-bath treatments 
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than from the modified treatment. It appears, however, that the 
former would be considerably more difficult to apply than the modified 
treatment. In this regard it was suggested that the single-bath 
method might be applied with aSnanee he facility to small batches 
by placing half-filled sacks of wheat on racks which could be lowered 
into and raised out of a large tank containing water which was me- 
chanically agitated and maintained at a constant temperature. 
In order to determine whether agitation of the water could be sub- 
stituted for that of the sacks, an experimental tank was constructed, 
as shown in Figure 3. There were two racks, one being shown sus- 
pended in the plate, each having a capacity of six sacks of wheat. 
The racks could be raised or lowered by means of chain blocks. 
In the latter position they came to rest side by side, with the bottom 
tray of each rack directly over a spiral pe The agitators were 
9 inches in diameter and extended throughout the length of the tank. 
In the studies of heat penetration the spirals were revolved at a speed 
which caused a very vigorous agitation and a uniform distribution of 
temperature throughout the water. The temperature was main- 
tained by a thermostatic device which injected steam into the 
water when necessary. Burlap sacks and the more tightly woven 
seamless cotton or mill sacks of 2-bushel capacity were employed 
in the experiments. They were half filled with wheat, tied at the 
top to provide ample room for the swelling of the grain, and laid on 
one side. Two sacks were placed on each of the trays. The bulb of a 
long-stemmed thermometer was carefully forced through the side of 
the sack under observation and inserted in the center of the mass 
of grain. The rack was then lowered into the water, which was agi- 
tated and maintained at 48° C. Tests were made with sacks placed 
on a bottom tray directly over the agitator, on a top tray, and with 
one or both agitators active. The temperatures registered were 
recorded at intervals of five minutes, and the tests were discon- 
tinued after the temperature in the mass of grain reached 48° C. 
The results are presented in Table 10. 


TaBLeE 10.—Time necessary to raise the temperatures of lots of wheat in burlap 
and in cotton sacks to 48° C. when immersed in water maintained at 48° C. 


[The sacks were placed on racks at different distances from one or two active agitators] 


‘ | Temperature (° C.) in center of sacked wheat mass after the 


Test sack number of minutes specified 
| Num- Bee £ 
ber of 
Dis agita 
tance ‘tors 
Kind Location | from {active 5 | 6 10 1a 20 22°) 25 30 35 38 
agita- | 
_ tor 
Inches | . | ' | 
Cotton__| Bottom tray_- 4.5 | 2 oor 9 |e 2) AP ae aaa 6 bas. OF foe ot ef 
Burlap-_-_!__-__ i J 4,5 | 2 EM CST gf BES US 28 shay a OS ee Pe ee Merete eee fete Se) Os ee 
Do-..-| Top tray_----- 22. 5 | 1 | SY ren 42.8 | 43.8) 45.0 |--.... | 46.0 | 46.8 | 47.6 | 48.0 


Table 10 shows (1) that the time required for penetration of heat 
through a burlap sack was approximately one-fourth that required for 
a cotton sack, (2) that in ites sacks rapid penetration occurred 
only when the sack was very close to the agitators, and (3) that reduc- 
tion of agitation and increase of distance from the source of agitation 
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Fic. 3.—Apparatus used in studies to determine the rate of heat penetration in wheat in burlap 
and cotton sacks immersed in hot water 
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greatly decreased the rate of penetration. Agitation of the water 
alone therefore appears hardly practicable. It would seem, however, 
that agitation of the sacks would be necessary only for a short time 
at the beginning of the treatment, and that it could be discontinued 
as soon as the temperature throughout the mass of sacked wheat 
reached the temperature of the treatment bath. In the application of 
the 10-minute bath of the modified hot-water treatment, for example, 
agitation of the sacks in the water at 54° C. undoubtedly effects rapid 
penetration of the heat; otherwise the successful control of loose smut 
would not be so uniformly obtained. 

Single-bath treatments could not be employed at central or com- 
munity plants as usually equipped without a material reduction in the 
daily output of the plants. The successful adoption of treatments of 
this nature, therefore, seems dependent upon the development of 
practical methods and machinery which will facilitate their applica- 
tion. 

The market offers two kinds of machines which could be used in 
combination to treat large quantities of wheat by the single-bath 
method and to dry the seed so treated. The first kind frequently 
is used in canneries and is equipped to carry seeds of various kinds 
through hot water by means of endless belts or screw conveyers. 
The rate of intake and discharge of the seeds, the temperature of the 
water, and the speed of the conveyers may be definitely fixed by 
mechanical regulators. Grain thus treated could then be passed 
through a machine of the second type referred to, a rotary grain drier. 
Here drying is effected by currents of hot air as the grain slowly 
passes through a revolving cylinder. The rate of drying, within 
limits, may be automatically controlled by regulation of the air 
temperature and the speed of the revolving cylinder. Under our 
present system of seed treatment, however, the use of machines of 
this kind would involve a very high overhead expense. This would 
follow because the machines would be used only for a short period 
prior to sowing and because their efficiency would be reduced by the 
necessity of treating many small seed lots and of keeping each lot 
separate. 


STEAM TREATMENTS 


One of the chief objections to hot-water treatment is the fact that 
the grain becomes wet and swollen. If the treated wheat is spread to 
dry before sowing, the procedure involves time, labor, space, and some 
risk of loss through sprouting or freezing. If it is planned to sow 
shortly after treatment, some difficulties also may be encountered: (1) 
The weather may not permit; (2) it is difficult to adjust accurately 
the rate of seeding of the swollen grain, and thin stands frequently 
result; (3) the water in the seed causes it to germinate independently 
of the soil moisture, and if dry weather follows seeding the stand may 
be injured severely; and (4) the practice tends to congest the work of 
treatment when it is done at a community seed-treatment plant. 
Any net gain which otherwise might result from treatment thus may 
be reduced or resolved into an actual loss. 

A means for satisfactorily drying treated wheat would do much to 

opularize control through elimination of the difficulties enumerated. 
owever, a practical machine for drying treated wheat for use, par- 
ticularly at seed-treatment plants, has not been developed. It.would 
be necessary to dry separately each lot of grain treated, in order to 
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avoid mixing different lots and varieties. This would require a drier 
of special construction, entail a large amount of work, and probabl 

add so much to the cost of treatment as to make it unprofitable. It 
has been suggested, however, that the commercial grain drier might 
be employed advantageously both to treat and to dry wheat in quan- 
tities large enough to supply clean seed-for an entire community. A 
system of this kind would greatly facilitate the establishment of smut- 
free areas. It has been the experience in the State of Indiana, 
according to Gregory (5), that the establishment of such areas ‘‘will 
greatly reduce the dangers of the spread of the smut,’ and it appears 
that wheat thus can be maintained free from loose smut for several 


years. 
PREVIOUS INVESTIGATIONS 


The use of grain driers and other kinds of drying apparatus in 
controlling loose smut of wheat and barley, or both, has been reported 
by a number of workers. A comprehensive review is given by Appel 
and Riehm (/). Later Lind (10) conducted experiments along this 
line. In general, the seed was previously soaked for varying periods 
or soaked and left to stand wet for periods of different length. ‘The 
grain then was subjected to currents of dry hot air at temperatures 
high enough to control the parasite and to dry or partially dry the 
seed. Satisfactory results followed in some cases, particularly when 
special laboratory apparatus was used. Serious difficulties arise in 
attempting to standardize such treatments, however, because the 
hot dry air passing around soaked grain causes rapid evaporation 
and with it wide variation in temperature. Obviously the successful 
application of a thermal treatment involving large quantities of seed 
erain precludes a positive control of temperature. A saturated 
recirculating atmosphere was therefore Beh laad in the following 
experiments to eliminate evaporation and its attending difficulties. 
By this means it was possible to maintain temperatures with a plus 
or minus variation not in excess of 0.2° C. 


METHODS AND MATERIALS 


There are two types of grain driers in general use, upright and 
rotary. In both types there are many different designs. In the 
rotary type drying is effected by currents of hot air as the grain 
slowly passes through a revolving cylinder, and in the upright type 
as the grain slowly flows through channels from the top to the 
bottom of the drier. An upright drier was used in the experiments 
recorded here. (Fig. 4.) This machine, though smaller, was like the 
standard sizes. It had a capacity of 2 bushels of wheat and was 
provided with a return pipe, so that the air could be recirculated. 
This return pipe runs along the side opposite that shown in Figure 4. 
The air was forced through the channels containing the grain by a 
powerful motor-driven fan. A recording thermometer was used to 
regulate the temperature in the drier. Steam before entering the 
machine passed through a thermostatically controlled valve which 
was opened or closed by air pressure. The latter in turn was con- 
trolled by a sensitive bulb. The bulb was inserted in the machine 
about 30 inches in front of the steam outlet. It was found that the 
amount of steam necessary to raise the temperature to the desired 
degrees (46° to 49° C.) was more than ample to keep the recirculating 
air saturated. 
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In beginning the treating operation, a quantity of wheat (about 
80 pounds) nearly sufficient to fill the drier when swollen was 
soaked in cold water for four hours. Simultaneously, wheat from 
the lot or lots under experimentation was soaked in long, narrow, 
cheesecloth bags approximately 2 inches wide jand 10 inches long. 
The bags were half filled, to allow room for swelling. The drier 
then was almost filled with the wheat soaked in bulk, and the cheese- 
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Fic. 4.— Grain drier and thermo-regulating apparatus used in experiments with steam treatments 


cloth bags containing the grain under experimentation were buried 
in the mass so that their tops were several inches beneath the surface. 
In all cases treatment in the drier was begun by admitting steam 
through an auxiliary valve, so that the temperature of the grain was 
raised gradually to the desired degree during a period of 15 minutes, 
after which the temperature was maintained by automatic thermo- 
regulation, as already described. The temperatures were maintained 
with a plus or minus variation not in excess of 0,2° C. The duration 
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of treatment was reckoned from the moment that steam was first 
applied. At definite intervals one or more bags were pulled out of 
the mass of grain and out of the drier by means of a string attached 
to the top of each bag and running to the outside of the drier through 
a small hole in the lid. The bags were removed from the drier while 
the lid was momentarily raised. The wheat was released from the 
bags immediately after treatment and spread in a thin layer to cool. 
Treated seed was left to dry five days or more at room temperatures, 
to reduce its moisture content to about that of the untreated seed. 
The post-treatment methods employed in making germination tests 
in soil, ete., were the same as used for seed oid with hot water. 

On account of the necessity for removing samples of wheat from the 
drier at successive intervals, as noted above, it was not possible to dry 
the grain in the machine. In practice this would involve cutting 
off the inflow of steam into the drier, substituting hot air as ordi- 
narily employed, and switching a damper to provide for circulation 
instead of recirculation of the air. No experiments were conducted 
to determine the highest temperatures which could be used with safety 
in drying treated wheat. In regard to the artificial drying of wheat 
treated with hot water, Humphrey and Potter (6) state “It will be 
safer not to use temperatures above 150° F. after the grain is surface 
dry. The grain itself should not reach a temperature above 140° F., 
and if the circulation of air is inadequate temperatures as low as 
110° F. will be injurious if long continued.”’ 


TABLE 11.—IJndividual and average percentages of germination of three lots of 
Goens wheat from seed untreated or treated with steam, as specified, following a 
4-hour soak in cold water, at Arlington Experiment Farm in 1920 


Treatment of the seed Percentage of germination 
Duration 
Kind and temperature (co 5 re ee Lot 4 Lot 13 | Average 
Hours | Minutes 
Untreated: -.. ....: Satta eo ee er Eee Lg TD 90. 1 88.8 87.7 88.9 
Treated: 
i, ee 92.6 85. 1 87.0 88, 2 
1 30 87.2 79. 6 85. 2 
ee ee 81.5 | 90. 7 74.0 82.1 
2 30 81.5 | 85. 1 85. 1 83. 9 
Ci: ad! Ca Seas Pp neep RS | | 87.0 83. 3 81.5 83. 9 
| 3 30 77.7 Ap 4 75.9 75. 3 
An| Vesti es Y 87.0 (Re 74.0 79. 6 
4 30 67. 2 64.8 64. 8 65. 6 
® |: 0c aoe 68. 5 66. 6 70. 3 68. 
ies eee 74. 0 | 75.9 “ied = 
1 30 64. 8 | 74.0 66. 6 ; 
At 48° C___._------------------------- | roe abies hee 62.9| 61.1 53.7 59. 
2 | 30 46.2| 44.4 64. 8 51. 
\ a Soe oe 45 85.1 | 70. 3 83. 3 79. 
AG AGO I 2. Rb jot, SY ee cee eee pM 70. 3 | ded 74.0 74. 
1 30 62.9 64.8 59.0 62. 


EFFECTS OF STEAM TREATMENTS ON GERMINATION, EMERGENCE OF SEEDLINGS, 
SMUT CONTROL, AND YIELD 


Steam treatments were studied first in relation to germination. 
Three lots of Goens wheat (Nos. 1, 4, and 13) grown in 1920 were 
employed. Samples of each of the lots were treated during the 
period from November 9 to 12, 1920, at the temperatures and durin 
the time periods specified in Table 11. The treated wheat was left 
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to dry one week at room temperature. Then 100 untreated seeds 
and 100 seeds from each of the treatments of each lot were sown in 
soil in greenhouse flats: Germination counts were made one month 
after sowing. The results are presented in Table 11. 

Table 11 shows that germination was not reduced materially by 
steam treatment at 47° C. for three hours or less, but at 48 and 49° C. 
considerable injury occurred when the duration of treatment was one 
hour or more. It will be noted also that with decrease in temperature 
corresponding increases in the duration of treatment caused less injury 
to the seeds. For this reason treatments at lower temperatures seem 
preferable where large quantities of seed wheat are involved, as in 
steam treatments. The larger number of bushels treated would re- 
duce the cost of additional time of treatment per bushel to a negligible 
amount. 

In 1921-22 steam treatments were applied at 46°, 47°, and 48° C., 
and the effects on germination, rate of emergence, yield, and control 
of loose smut and bunt were studied. Two lots of Goens wheat 
(Nos. 16 and 17) grown in 1921 were used. Samples of each of the 
lots were inoculated with a small quantity of bunt spores and treated 
during the period from October 10 to 12, 1921, at the temperatures 
and during the time periods specified in Table 12. The treated wheat 
was left to dry one week at room temperature, when it was packeted 
and used, as described below. For the study of germination and rate 
of emergence 100 untreated seeds and 100 seeds from each of the 
treatments of each lot were sown in soil in greenhouse flats on No- 
vember 12, 1921. From the date of emergence of the first seedling 
daily records of the number of seedlings which had emerged were 
taken for one month. 7 


TABLE 12.—Average-rates of emergence of seedlings from two lots of Goens wheat 
from seed untreated or treated with steam, as specified, following a 4-hour soak in 
cold water, at Arlington Experiment Farm in 1921 


mecienicnt of tha secd | Percentage of emergence after the following 


numbers of days Days re- 
quired 

i cae | | | for com- 
Duration | ae hed pienien 
Kind and tem- ue SPST ais lee eres of emer- 

_ Hours | Minutes | | 

po Ate Pa tea Fo | pps: 
pay 
Untreated _________-_- ie Bete OL | 40 | 67 | 83 | 85 | 85 | 85 | 85 | 85 | 85 | 85 | 85 | 85 8 
Treated: | | | | 
1 30 | 54 | 80 | 81 | 85 | 87 | 88 | 88 | 88 | 88 | 88 | 88 | 88 10 
7 Tal Patek. Fea 57 | 75 | 88 | 92 | 92 | 93 | 93 | 93 | 93 | 93 | 93 | 93 10 
2 30 | 37 | 69 | 83 | 86 | 86 | 88 | 89 | 89 | 89 | 89 | 89 | 89 ll 
At 46° C 3g) eee es a | 34 | 68 | 85 | 93 | 94 96 | 96 | 96 | 97 | 97 | 97 } 97 13 
5 Say thle 3 30 | 31 | 62 | 77 | 81 | 83] 85 | 86 | 86 | 87 | 88 | 88 | 88 14 
2 ee 28 | 53 | 67 76 | 81 | 84 | 87 | 89 | 89 | 89 | 89 | 89 12 
4 30 | 16 | 41 | 67 | 72 | 76 | 79 | 80 | 81 | 83 | 83 | 84 | 84 14 
7g ae | 12 | 41} 62 | 72 | 73 | 74} 78 | 80} 81 | 82 | 82) 82 14 
fs ee eee 2 | 37 | 64 | 82 | 89 | 91 | 91 | 92 | 93 | 93 | 93 | 93 | 93 12 
1 30 | 28 | 51 | 71 | 82 | 82 | 83 | 83 | 83 | 84 84) 84) 84 13 
LSS yh oS ee 7A ce ie Bea | 27 | 33 | 62 | 70 | 77 | 79 | 79 | 79 82 | 84 | 84! 84 14 
2 30 | 11 | 31 | 57 | 67 | 70 | 73 | 77 | 80 | 80! 81} 81 | 81 14 
2 re | 3 | 11 | 36 | 61 | 65 | 67 | 70| 72 | 75 | 76 | 78 | 78 15 
Riser 30} 69 | 84 90 | 91 | 92 |'93 | 93 | 93 | 93 | 93 | 93 | 93 10 
oe ae 45 | 62 | 78 | 82 | 85 | 87 | 88| 89| 89| 89 89 89/| 89 ll 
| LS | ie etl | 67 79 | 89 | 90 | 93 | 93 | 95 | 95 | 95 | 95 | 95 | 95 11 
} | } | 


Table 12 shows that none of the treatments caused appreciable 
reduction in the final percentage of emergence, but all of them re- 
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tarded emergence. In general, the degree of retardation was in- 
tensified with increases in duration of treatment at a given tempera- 
ture and with increases in temperature with a given duration of 
treatment, as was also noted in the germination of seed treated 
with hot water. Many of the seedlings which required over 10 
days to emerge were small and spindling. 

In an experiment to determine the effects of steam treatments 
on the control of loose smut and bunt and on yield, untreated and 
treated seed of the same two lots of Goens wheat (Nos. 16 and 17) 
were used. On October 28, 1921, untreated seed and seed ‘from each 
of the treatments of each lot were sown on the Arlington Experiment 
Farm, Rosslyn, Va., in rod rows in 10 replications. The rows were 
spaced 1 foot apart, and the rate oi seeding was 6 pecks per acre. 
The results are presented in Table 13. <A zero in the smut columns 
indicates that no smut was found in a complete examination of the 
plants in all 10 rows. When less than 1 per cent of smut was present 
it is shown by T (trace), and the total number of smutted heads 
found in an examination of all 10 rows appears in parentheses. 
The other data represent the average percentages of smut deter- 
mined by making a count of 200 heads in each of five rows. 


TaBLE 13.—Percentages of infection of loose smut and bunt, and individual and 
average yields of Goens wheat from two lots of seed untreated or treated with steam, 
as specified, following a 4-hour soak in cold water and grown at Arlington Experi- 
ment Farm in 1922 


'T=trace (less than 1 per cent). The figures in parentheses show the number of smutted heads found in 
all 10 of the rod rows] 


Percentage of | Percentageof 4 aro yield (bushels 


Treatment of the seed nck loose smut 


| 
} 
| 


Duration | 
Kind and temperature | Lot 16 | Lot 17 | Lot 16 | Lot 17 Lot 16} Lot 17 aie 
_ Hours Minutes | | 
i) eee Se Sat | ee 2 ee 8 (= A 
Wintreaben <2. . 2. 2t- son] Woe See ee ae 1.0 6.5 4.5 6. 1 24. 9 24. 1 24.5 
Treated: | 
1 S02 (9) 3.8 T(6) | 55) 24, 2 23. 6 23. 9 
Dike Se ae ib 3.3 | 0 ol en (a) 22. 9 23. 2 23. 1 
2 30) T (2) 2.2 0 0 24, 2 25. 6 24.9 
At 46° C Sis assess. } AGS) 2.0 0 0 25.3 26.8 26. 1 
. Mid RE | 3 30.) TGs) ie a0 .06): Dita OP i odd 22.9 23. 2 
| A cee ee 3 D9 el (=) 0 0 24. 5 24.3 24. 4 
\| 4 30 0 T (3) 0 0 23.9 23. 2 23. 6 
1A Aig Pee (eh Ts Ch) | 2) | 0 0 22.2 | 23.5 22.9 
) Fe) es ee M7) 2.2 0 T (8) 25.4 | 24.5 25.0 
1 30 0 2.2 0 0 24.3 23.3 23. 8 
At 47° @ya2_ a2 pk tong Dal. SsePa See Tt (3) 1.5 0 | 0 24. 4 23. 3 23. 9 
| 2 30) .0 DAT pa 0 0 24.0 25. 2 24. 6 
OME ceGeck Se © De (ys), Pa 2) ri 0 | 0 21.5 21.1 21.3 
fi(Laee as 30 1.0 15 5en), Co C13) | Ty G) 25.9 26.3 26. 1 
AN ABS Oped ea. 3b at eS 45 T (6) A. 3.2) ECL). |. TT) @) 23. 5 23. 4 23. 5 
1S) eas So age T (4) 2.8%] Ue a a Pe 7A 24, 2 23. 5 
| 


Lable 13 shows that 10 of the 16 treatments completely controlled 
foose smut. None of the treatments eliminated bunt, but those at 
46° C. for more than three hours and at 47° C. for more than two 
hours reduced it to a trace. Two of the treatments, one at 46° C. for 
five hours, the other at 47° C. for three hours, reduced the yield 
slightly in excess of 1.5 bushels per acre. Nine of the treatments 
reduced the yield less than 1.5 bushels per acre, whereas five of the 
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treatments slightly increased the yield. The,treatment at 47° C. 
_for 2 hours and 30 minutes was one of the most satisfactory. Plants 
from the seed thus treated contained no loose smut, only a trace of 
bunt, and yielded shghtly more than the plants from untreated seed. 
In regard to the application of steam treatments of seed wheat in 
large commercial driers, it may be noted that some engineering 
problems would be encountered—the soaking of 500 bushels of wheat, 
for example, and its transfer to the drier. In the movement of wheat 
in mills gravity flow plays an important réle. Wheat which has been 
presoaked for four hours, however, will not flow. 


DISCUSSION 


In experiments dealing with hot-water treatments reported here 
and in experiments with the modified hot-water treatment previously 
reported by the writer (15), indications of stimulation to germination 
or yield resulting from treatment have never been obtained. On the 
contrary, treated machine-threshed seed invariably germinated lower 
than untreated seed, the seedlings emerged more slowly, the yield was 
reduced except when the rate of seeding of the treated grain was in- 
creased, and the plants from untreated seed contained a relatively 
high percentage of loose smut. 

In a consideration of the value of treatment, however, attention 
must also be given to the fact that benefits other than control of loose 
smut may accrue in the plants grown directly from treated seed. For 
example, Gregory (5) notes that in the State of Indiana “‘smut-free 
areas are being established in which it is hoped that wheat can be 
maintained free from loose smut for several years’’ and that “‘it has 
been demonstrated in Knox and Shelby Counties that a widespread 
use of treated seed will greatly reduce the dangers of the spread of the 
smut. In Knox County it was found last summer that wheat which 
had been treated last year had no smut in it; that which was one year 
from treatment had no smut; two years from treatment there was 
one-quarter per cent; and three years from treatment 2 per cent, 

_while in the untreated fields there was an average of 8 per cent.”’ 
it seems that the value of treatment should be greatly increased in 
this system by reducing the need and use of treatment to a minimum 
and by giving full play to the beneficial effects accruing from treat- 
ment. Apparently no data are available, however, showing the net 
gain or loss which eventually results when the effects of treatment are 
considered on subsequent crops sown in smutty or in so-called smut- 
free areas. 

SUMMARY AND CONCLUSIONS 


The modified hot-water treatment of seed wheat (described on 
p- 1) for the control of loose smut is open to three principal 
objections: (1) It is difficult to apply, (2) it soaks the seed, and (3) 
in the presence of broken seed coats it is very injurious to germina- 
tion. Experience gained at home and abroad seems to show that, 
in communities where loose smut in wheat is a factor of considerable 
economic importance, properly equipped cooperative or community 
seed-treatment plants afford the best means to facilitate the appli- 
cation of treatment and to popularize control. Studies therefore 
were made (1) of single bath hot-water treatments to devise, if pos- 
sible, a method less injurious to germination, and (2) of steam 
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treatments to determine the possibility of using the commercial 
grain drier in connection with the steam treatment of grain, followed 
by drying the grain with warm air. 

Single-bath hot-water treatments were applied by immersing 
wheat in half-filled sacks in water held at a constant temperature 
during definite periods, the duration of treatment extending from 30 
minutes to 4 hours and the temperatures from 46° to 51° C. 

A number of the single-bath treatments completely controlled 
loose smut and effectively controlled bunt, but the treatments at 
48° C. for 1 hour and 50 minutes and at 49° C. for 1 hour and 35 
minutes gave the best results. Although the resulting germination 
was somewhat poorer than that of the untreated seeds, these treat- 
ments did not seriously reduce or retard germination, and they 
reduced yield less and required a shorter period of application than 
any of the other treatments which approximated them in general 
effectiveness. 

Wheat treated at 48° C. for 1 hour and 50 minutes or at 49° C. 
for 1 hour and 35 minutes in comparison with untreated seed showed 
poorer germination, the seedlings emerged more slowly, the plants 
yielded slightly less, and the yield was more adversely affected by 
unfavorable soil conditions. 

Wheat treated at 48° C. for 1 hour and 50 minutes or at 49° for 
1 hour and 35 minutes, in comparison with wheat treated by the 
modified hot-water method invariably germinated better, the seed- 
lings emerged more rapidly, the plants yielded considerably more, 
xd the yield was not so adversely affected by unfavorable soil con- 
ditions. In general, therefore, these single-bath treatments pro- 
duced notably better results than the modified treatment. 

As in the case of the modified method, the effects of the single- 
bath method on germination were dependent on the physical condi- 
tion of the seed coats. Hand-threshed seed with unbroken coats 
suffered some retardation, but little, if any, reduction in germination. 
When the coats of hand-threshed seed were broken at definite loca- 
tions over the endosperm the treatment reduced germination con- 
siderably, and when the coats were broken over the embryo the treat- 
ment reduced germination very markedly. The germination of 
wheat with coats broken over the embryo or endosperm was reduced 
less by the single-bath method, however, than by the modified 
method. 

When the seeding rate of treated seed was increased so that the 
quantity of viable seed sown was the same as that of untreated 
wheat, plants from the latter outyielded plants from treated seed. 
The results seem to indicate that the injurious effects of hot-water 
treatments, especially the modified treatment, are not confined to 
germination, but may extend into later stages of plant growth. 

There were no appreciable differences in the bushel weight of 
wheat grown from untreated seed and from seed treated with hot 
water by the modified or the single-bath method. 

With a simplifying of the application of single-bath hot-water 
treatments in view, experiments were conducted to determine whether 
agitation of the hot water could be substituted for agitation of the 
sacks in the water. When cotton and burlap sacks half filled with 
wheat and tied at the top were placed on slatted shelves suspended 
in mechanically agitated water at 48° C., the period required for the 
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penetration of heat to the center of the mass of wheat in a cotton 
sack was approximately four times that required for wheat in a 
burlap sack. 

Rapid penetration, even through burlap sacks, was obtained only 
by strong mechanical agitation of the water and when the sacks 
were placed in close proximity to the source of agitation. 

Reduction in the amount of agitation or removal of the sacks a 
short distance from the source of agitation greatly decreased the rate 
of penetration. These facts indicate that agitation of the sacks no 
doubt would be necessary, at least for a short time at the beginning 
of treatment until the temperature of the mass of sacked wheat 

| reached the temperature of the treatment bath. 

Two kinds of machines may be had which could be used in com- 

bination to treat large quantities of wheat by the single-bath method 

and to dry the wheat so treated. Under our present system of seed 
treatment, however, the use of machines of these kinds would be 
impracticable, because they would be used only for a short period 
previous to sowing time and their efficiency would be greatly reduced 
by the need of treating many small seed lots and of keeping each of 
the lots separate. 

Single-bath treatments could not be employed at central or com- 
munity seed-treatment plants as usually equipped without material 
reduction in the daily output of the plants. The successful .adop- 
tion of these treatments therefore seems dependent upon the develop- 
ment of practical methods and machinery which will facilitate their 
application. 

Steam treatments were applied in an upright grain drier with a 
capacity of 2 bushels of wheat. Except in size, this machine is 
similar to the standard driers. , 

With this machine the following results were obtained: (1) A 
saturated recirculating atmosphere was maintained in the drier at 
temperatures suitable for the treatment of seed wheat (46° to 49° 
C.); (2) the temperatures were maintained with but slight varia- 
tion; (3) the only change necessary to obtain these conditions was 
the attachment of a return pipe to the outlet of the drier to provide 
for recirculation of the saturated air; (4) the seed was soaked for 
four hours before treatment with steam at a temperature of 46° to 
48° C. for periods of time ranging from one to five hours; and (5) in 
the experments of a single year some of the treatments effectively 
controlled both loose smut and bunt without materia] injury to 
germination or reduction in yield. In some instances the yield of 
plants from treated seed was greater than that from untreated 
smutted seed. 

The application of steam treatments to large quantities of wheat 
would involve some difficulties not encountered in the foregoing 
experiments. 

The single-bath hot-water and steam treatments were studied only 
from the viewpoint of application at cooperative or community seed- 
treatment plants or at establishments handling large quantities of 
seed wheat. The application of these treatments involves the main- 
tenance of constant temperatures for relatively long periods of time, 
special equipment, and other factors which make them hardly prac- 
ticable of application by the individual farmer. 
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